Abstract-The definition of creativity is not simple, because there are different conceptions, which are also in constant changing. This paper presents a study on the conceptions of creativity in students of the first year of university, in the engineering area. This study considered the answers of 67 undergraduates originating from four different courses to an open question available online on Google Drive − "What is creativity?". Data were collected in the first semester of the 2014/2015 among students at a Portuguese university in the Linear Algebra program. The analysis of the students' answers focused on the content analysis using the categories of Vernon's definition of creativity; we considered the variables gender and undergraduate courses into the analysis. The results show that gender and the undergraduate courses were independent from the analyzed group categories. However, the descriptive analysis by gender showed that the predominant group was the implicit group category (using the terms creation, imagination, and originality) while in the undergraduate course it prevailed the explicit group category (using the terms inventions, innovations and thinking). This exploratory study leaves clues on the approach to other definitions and constructs of creativity, as well as their implementation for teaching in higher education.
INTRODUCTION
According to the existing literature, "critical thinking can be defined as clear and rational thinking, which consists of clarification, simplification, and organization. (…) clear thinking is an ability to think precisely, systematically and structurally, which can help avoiding linguistic pitfall and hence, construct logical arguments." [1] . More recently, Fila, Purzer and Mathis [2] wrote that " [c] reativity is considered a key element in the engineering design process". Recently Charyton [3] states that: "A creative act needs acceptance of an idea, product, or process by the field, such as engineering and the domain such as science or Science, Technology, Engineering and Mathematics (STEM). Today's engineers must be creative and innovative. The problems engineers facing today demand original thinking. To remain competitive globally, engineering firms rely on creative individuals and creative teams to develop new products for innovation."(p. 135) This is also a requested capability for engineering students, namely those enrolled in Linear Algebra program, since understanding a new mathematical subject requires, not only the abstraction ability, but also a dose of imagination/creation. Large-scale studies have been published about the engineering graduate skills (e.g. [4] ; [5] ; [6] ). Male, Bush and Chapman [4] published an Australian study about the generic competencies required by engineering graduates and revealed that creativity as one of these competencies engineers must demonstrate among others involving commitment, honesty, self-motivation, demeanor, communication, working in diverse teams; selfmanagement, professionalism, problem-solving, management/leadership, engineering business, practical engineering, innovation and contextual responsibilities. According to Prahalad and Ramaswamy (quoted by Daly, Mosyjowski and Seifert [7] ) "The ability to engage in a creative process to define or solve a problem or design a novel artefact is essential to engineering as a profession, and especially to future engineers". Creativity is a phenomenon whereby something new and valuable is created. The range of interest for creativity in education includes a multitude of definitions and approaches involving several courses and/or degrees. Many studies in this area are available; see, for example, [8] , [9] or [10] . In particular, connections between studies in general creativity and studies in mathematics education can be found in the paper of Leikin and Pitta-Pantazi [11] and in Pinheiro and Vale [12] . Creativity is a human being skill or characteristic that has become a major ability required in society, and closely associated with critical thinking skills [13] . According to Ennis definition [14] , critical thinking is a "reasonable, reflective thinking focused on deciding what to believe or do", highlighting the abilities of decision-making, either in the world of ideas or in the world of actions. Therefore, critical thinking and creativity should be present in all the programs in higher education studies (e.g. [15] ), including in the engineering as in e.g. [16] . Being "creative" is not only synonymous with being original, but is now an important concept for societal empowerment (e.g. [17] ).
Although there is no single, definition for creativity, in his scientific approach to creativity, Kaufman and Sternberg [18] considers that it must be developed and used as a sufficiently acceptable definition so one can find scientific models for the phenomenon. Before the development of creativity investigations, creativity itself was considered as a general concept entailing several behaviors (problem identification, information search and idea generation) and was viewed as a scarce and rare individual skill in a population.
Torrance [19] analyzed the scientific utility of the global concept of creativity as well as the several definitions for creativity. Among other authors, also Glover, Ronning and Reynolds [20] reviewed these definitions in light of critical thinking. Nevertheless, according to Torrance [19] It is commonly believed that creativity is a gift that some people have and not a general characteristic of all humans. This view has changed in the 1960's and the apparent attribute shortage attaches to the little interest that most education systems had in implementing it among young children. Since the 1970's, the study of creativity led to its inclusion in the pupils' schools syllabus in some countries. Lai [21] says: "Creativity denotes a person's capacity to produce new or original ideas (…) which are accepted by experts as being of scientific, aesthetic, social, or technical value". Originality, the use of the terms both 'utility' and 'value', reflects properties of a creative product, although the intensity of these properties may vary over time. We adopt Vernon's conception that "creativity" is a phenomenon related with the ability to produce ideas (imagination), restructuring (innovation), discoveries (inventions), new and original artistic objects (creation and originality) and all these types of abilities are needed for thinking (thinking, therefore critical thinking) [21] .
The focus of our study was the conceptions of creativity in first year students of higher education, considering different genders and undergraduate courses. It was a challenge to investigate the concept of creativity, included in a critical thinking approach. The creativity remains unquantifiable (e.g., [22] , [23] , [24] ). With this aim, we decide to analyze these first year undergraduates' conceptions about "creativity", following the Vernon categories [21] and to perform the analysis according to students' gender and undergraduate course. This is an exploratory attempt to understand the need to cross a theoretical notion with a scientific explanation.
II. RESEARCH METHODOLOGY

A. Research participants
In September of 2014, an online survey on Google Drive was made available to a group of first year engineering students from a Portuguese university that were enrolled in the Linear Algebra program. The 67 students participated in the survey, originated from four different undergraduate courses: Biomedical Engineering (13 students, 19%; 62%, women and 38% men); Bioengineering (19 students, 28%; 63% women and 37%); Mechanical Engineering (24 students, 36%; one woman, 5%, 95% men); and Energy Engineering (11 students, 16%; one woman, 9%, and 91% men). Gender was unevenly distributed among the participants (22 women, 33%, and 45 men, 67%), the male gender prevailing. The participants' age ranged between 17 and 29 years old. All participants shared the same Linear Algebra teacher and not all students had a first registration in this program.
B. Data collection and steps in the analysis
Participants were asked to fill an online survey containing a unique open-ended question "What is creativity?" and anonymity of the answers was guaranteed. Given the exploratory nature of the study, a qualitative analysis of data was chosen. The results were analyzed using a content analysis that "can be undertaken with any written material, (…) it often uses categorization as an essential feature (…)" ( [25] , p. 563). We used content analysis because "one can observe without being observed" ( [25] , p. 563). We adopted the concept of Vernon [21] previously presented, and the content analysis categories emerged from that definition: "imagination", "innovation", "inventions", "creation", "originality" and "thinking". Vernon's definition was selected due to its many references in investigations (e.g., [24] ) and its simplicity. Due to the assumptions of the statistical methods used, we decided to group the categories according to the following criterion: to consider an implicit group based on Vernon's definition categories covering the terms creation, imagination, and originality, and an explicit group covering the terms inventions, innovations and thinking.
The students' answers were analyzed word-by-word to cover all the categories, and all of them were considered anonymously. In this exploratory analysis, we counted the observed categories, computed the percentages, and applied the chi-squared independence and (when possible) the difference of proportions tests. Occasionally, more than one answer per student was accounted, whereby the total counts might be larger than the total number of students' involved in this study. Some answers had references that did not allow any link to the previous categories, and in that case, they were included on the group "others". Since it is an exploratory study, and to keep the process clear-cut, one example is given for each considered category in a table after the presentation of the results.
III. DATA ANALYSIS AND DISCUSSION
Like in Maksic and Pavlovic [8] , the study began with the analysis of the existence and categorization of the personal involvement found in the students' definitions for creativity.
A. Definitions of creativity with personal involvement a) Most students answered the survey with sentences or paragraphs. Words and sentences such as "for me", "I believe that", "in my opinion", "in my view", "from my perspective", "I understand that", "I consider that" were often used by the students. As was already stated, students wrote their own answer directly in the Google Form, without interference of the teacher. These expressions also may be considered a writing style artifact but they reflect students' view and their way of writing about it. In Table I we listed the 17 students' definitions -sentences or paragraphs -expressing personal involvement (25% of 67 surveyed students). In contrast, 50 students (75%) provided non-personal definitions. In the former category, the students' most used sentence (46%) was "for me". As in Cohen, Manion and Morrison [26] , we also obtained low levels of personal involvement in the defining of creativity. Alike in Maksic and Pavlovic [8] , we also observed that students frequently use relatively low levels of personal involvement in their creativity concepts. Since this is an exploratory analysis, to make it clear-cut we present in Table 2 , for each word or sentence considered in the previous table, a single example of the expressions implying the students' personal involvement in their creativity definitions is presented both in English (translation) as in Portuguese (original sentence). Bold use emphasizes the English expression equivalent in Portuguese. 
B. Key aspects of creativity students' definitions
The content analysis was performed according to Vernon creativity definition [21] and its categories, as stated before, and is presented in Table 3 . Summarizing it, in the present study students connected creativity to the ability to produce: 27% of the references were about new artistic objectscreation; 11% ideas -imagination; 21% original artistic objects -originality; 19% restructuring -innovation; 10% discoveries -inventions; while 1% said that all these types of abilities need thought about -thinking. Still it must be strengthen that 11% references did not cope with any of the previous categories, thereby being classified under "others". The percentages of genders agree with the presented in the distribution of the students. Students' definitions of creativity were independent from gender (Chi-squared=.21, p=.65). Figure 1 shows that the implicit grouped categories were predominant (mode) in both genders. However, despite no (huge) statistical significant differences, some different valuations between men and women may be seen: within the implicit categories, male undergraduates valued less the imagination attributes than female counterparts (8.1% vs. 16.7%, p=.047); within the explicit categories, the term inventions being less used in males than in females (6.8% vs. 14.3%, p=.056). Contrasting, statistical significant differences were found in the use of terms not included on Vernon's based categories -"others" -was more frequent in male undergraduates' students than in females (16.2% vs. 2.4%, p=.011). Table 4 summarize the results of the creativity definitions according to the undergraduate course area of the students. It was observed that the grouped categories were independent from the students' undergraduate courses (Chisquared=1.8, p=.61). In Figure 2 , we may also see that the implicit grouped categories were predominant for all the undergraduate courses. Distribution of the Bioengineering undergraduates definitions about creativity was more or less uniform amongst the three analyzed groups. Bioengineering undergraduates referred imagination more (18.4%) than in the other undergraduates' courses (from 6.3% to 9.1%) compared to creation and originality (from 18.2% to 43.8%, and from 18.8% to 22.8%, respectively). In what respect to invention 13.1% of the Bioengineering undergraduates referred it more than in the other undergraduates' courses (from 4.6% to 7.5%). Only the Biomedical Engineering students mentioned the thinking category (9.1%). The terms not included on Vernon's based categories were more frequently used by Mechanical Engineering undergraduates (17.5%) than by Bioengineering or Biomedical Engineering (from 16.2% to 2.4%); contrasting, its use was absent from the Energy Engineering undergraduates sentences.
Fig. 2. Grouped categories by degree
As before, a single example of a student sentence about creativity definition is presented in Table 5 , for each of the considered categories. Bold use also emphasizes the English and its equivalent expression in Portuguese. 
IV. FINAL REMARKS
Several studies referred that students often show low levels of personal involvement in their definitions for creativity [8] .
In the present study, the exploratory analysis of students' definitions, based on the Vernon's definition grouped categories, showed that definitions were affected neither by gender nor by the original area of study, and both genders and undergraduate course showed the predominance (mode) of grouped implicit categories (creation, imagination and originality). Being an exploratory study, questions arose, namely, on the reasons for such modal characteristics once the undergraduate course in the students enrolled in the study is a practical one: will the implicit categories foster the explicit ones in their learning and therefore in their future professional lives? What might be the explanation to the other differences noted in this descriptive analysis? E.g., is there any reason that explains why only Biomedical Engineering students mentioned the thinking category? In the other hand, the question of the content analysis categories emerging from Vernon's definition can be questioned since we may wonder if those categories will also emerge for the other creativity definitions quoted in literature (e.g., [22] ; [23] ; [24] ).
Although this is an ongoing study, we might advance that creativity definition as a structured concept takes this waltz with these engineering students, as in Leonard Cohen's song lyrics.
Furthermore, the present study was also important to trigger and to drive our interest into future investigations in order to foster creativity and critical thinking in a deeper approach within higher education students coming from different learning environments and undergraduate courses. The clues that emerged will be presented and developed in future works.
